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(57) ABSTRACT

A light-emission device includes at least one emission
module comprising: a luminescent crystal known as a con-
centrator crystal with at least six faces which are parallel 1n
pairs, including a first and a second face, known as lateral
faces, perpendicular to a direction x and separated by a
distance corresponding to a horizontal dimension of the
concentrator in the direction x; a first mirror, which 1s
configured such as to cover the first lateral face at least
partly, defining a surface area covered by the first mirror, and
at least one surface area (SFS1) which 1s not covered by the
first mirror defining an associated output face; a second
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mirror, which 1s configured such as to cover at least 93% of
the second lateral face; a brightness triggering element,
which 1s designed to generate emission of brightness radia-
tion (L) 1n the luminescent crystal; a ratio R between the
non-covered surface area (SFS1) and a surface area (S, ) of
the first lateral face being determined such that rays of the
brightness radiation are reflected on the first and second

mirrors, and are propagated over a mean distance L, such
that

Ly=—=>Lyy > L

1
o

within the luminescent crystal before passing through at
least one output face, forming an output beam, where o 1s a

coefficient of loss per unit of length of the concentrator for
the brightness radiation.
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1
3D CONCENTRATOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International patent

application PCT/EP2021/067947, filed on Jun. 30, 2021,
which claims priority to foreign European patent application
No. EP 20305768.2, filed on Jul. 7, 2020, the disclosures of

which are incorporated by reference 1n their entirety.

FIELD OF THE INVENTION

The present invention concerns the field of luminescent
concentrators which are pumped by light-emitting diodes
(LEDs), and more particularly luminescent concentrators
which are pumped by LEDs used as a source of light.

BACKGROUND

Light-emitting diodes (LEDs) have many applications in
the field of lighting. However, the brightness of the LEDs 1s

limited to values which are not suitable for certain applica-
tions.

A solution for increasing the brightness of the LEDs 1s to
use light concentrators which are pumped by LEDs (see for
example Barbet, Adrien, et al. “Light-emitting diode
pumped luminescent concentrators: a new opportunity for
low-cost solid-state lasers.” Optica 3.5 (2016): 465-468.).
This concentrator 1s for example a crystal which 1s tluores-
cent 1n the visible spectrum (red-orange), such as Ce: YAG,
which absorbs 1n the blue spectrum (around 450 nm), at a
wavelength where the LEDs are very high-performance. The
crystal 1s cut i the form of a plane, which 1s lined with
hundreds (or even thousands) of LEDs on the two large
surfaces, and with emission 1n sections. These concentrators
make 1t possible to obtain brightness values 10 to 20 times
higher than that of an LED.

FIGS. 1A and 1B 1llustrate an example of a light-emission
module MEQ known 1n the prior art, based on a concentrator
crystal CL. FIGS. 1A and 1B represent schematically views
respectively 1n perspective and from the side of the same
emission module MEO. The emission module MEQ com-
prises a set of LEDs which are designed to emit in a first
spectral band, and a light concentrator CL. The concentrator
CL 1s a fluorescent parallelepiped crystal with at least one
lighting face SI1, SI2, with dimensions Lxw, lit by the
light-emitting radiation L , emitted by the LEDs. The light-
ing faces SI1, SI2 are also known as “large faces”. The
thickness of the concentrator 1s known as e.

The crystal of the concentrator 1s configured to absorb
said light-emitting radiation L . The flow of light emitted by
the LEDs and directed towards the lighting face 1s absorbed
by the luminophores Lum of the fluorescent crystal, which
are distributed 1n all of the volume of the crystal, and thus
emit fluorescence radiation in the interior of the crystal. The
rays which are emitted can be classified 1n two main
categories, 1.€.:

the trapped rays which are known as L : these rays are

trapped 1n the crystal as a result of the total internal
reflection (RT1) on the different faces of the crystal.
These rays exist 1f the crystal 1s a parallelepiped
provided with 6 faces which are parallel 1n pairs and
perpendicular to one another. The trapped rays never
exit from the crystal, with the exception of the imper-
tections thereof.
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2

the non-trapped rays are the rays which end by exiting
from the crystal. They are separated into two sub-
categories, 1.e. the guided rays known as L, the char-
acteristic of which 1s to be gmded by total internal
reflection, and exit onto one of the faces of the con-
centrator, and the non-guided rays known as L_ .
which exit directly from the concentrator without being
reflected on the faces.

FIG. 1C 1s a representation of the angular diagram of the
rays which are emitted and trapped 1n the concentrator. The
dark caps represent angles corresponding to the non-trapped
(guided and non-guided) rays, and the light areas represent
the angles corresponding to the trapped rays. In this repre-
sentation, provided by way of example, the medium selected
as the concentrator crystal CL 1s a Ce:YAG crystal (index
n,=1.82), with a critical angle of 33° when the ambient
medium 1s air. The percentage of radiation trapped by total
internal reflection compared with the non-trapped radiation
1s determined by the index of the crystal and that of the
ambient medium by means of Snell-Descartes’ law.

In a concentrator according to the prior art, such as the one
illustrated in FIGS. 1A to 1C, the lighting of the output face
1s proportional to the ratio L/e between the length and the
thickness of the concentrator crystal. In general, the con-
centrators have very large ratios of L/e (for example L=100
mm, e=1 mm, L/e=100). The number of reflections on the
two large faces SI,, SI, 1s therefore large, 1.e. approximately
a hundred for a ray inclined by 20-30° propagating in L=100
mm. On the other hand, 1t 1s far less large on the lateral faces.
FIGS. 1D and 1E compare the difference 1n the number of
reflections for a ray with a total internal reflection limit in a
concentrator crystal with an index n=1.82 (limit angle
0 _.=33°) on the two planes: parallel (xy) and perpendicular

CFLE

(xz) to the large faces. On the plane of the large faces (xy),
the number of retlections 1s associated with the width w of
the concentrator. FIG. 1D represents a concentrator with a
width w>>e. In this case, the concentration eflect takes place
on a single plane (xz) perpendicular to the large faces: this
type ol concentration 1s defined 1n this case as “1D” con-
centration. The “1D” concentration 1s used for large-sized
luminescent concentrators 1n the domain of solar concen-
trators (see for example Meinardi, Francesco, et al. “Large-
area luminescent solar concentrators based on ‘Stokes-shift-
engineered’ nanocrystals in a mass-polymerized PMMA
matrix.” Nature Photonics 8.5 (2014): 392).

FIG. 1E represents a concentrator, the width w of which
1s of the same order of magnitude as the thickness e. In this
case, the concentration eflect takes place on the two planes
(xz) and (xy): the reflections on the 4 lateral faces of the
concentrator are used. This type of concentration 1s defined
in this case as “2D” concentration. This configuration 1s
mostly used for concentrators which are pumped by LEDs
(see for example D. K. G. de Boer, D. Bruls, and H. Jagt
“High-brightness source based on luminescent concentra-
tion” Optics Express, vol. 24, no. 14, page A1069, July
2016.). One of the disadvantages of this 2D concentration 1s
that the lighting faces have a reduced surface area, which
limits the pumping power of the concentrator, and therefore
its output power.

The “1D” and “2D” concentrations give the same output
brightness for a given material where L and ¢ are fixed. In
fact, the brightness does not depend on w, but only on the
ratio L/e.

Although the increase 1n lighting by means of a concen-
trator 1s very significant compared with LEDs, the lighting
remains low 1 comparison with the lighting provided by
laser diodes for example. In addition, the form of the output
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beam depends on the geometry of the concentrator (in
general, the output surface is elliptical). Finally, in the
fluorescent concentrators according to the prior art, the
thickness e must be greater than the absorption length
associated with the pump radiation, so that the power
absorbed 1s maximal in a low-absorption environment with
a “1D” or “2D” concentration.

SUMMARY OF THE INVENTION

The objective of the invention i1s to increase the output
brightness of a concentrator, while providing flexibility
relating to the parameters of the output beam and the
specifications concerning the concentrator material (dimen-
sions, losses, absorption).

For this purpose, a subject of the invention 1s a light-
emission device comprising:

at least one emission module comprising:

a lnminescent crystal known as a concentrator crystal with

at least six faces which are parallel 1n pairs, including
a first and a second face, known as lateral faces,
perpendicular to a direction X and separated by a
distance L corresponding to a horizontal dimension of
sald concentrator in the direction x;

a first mirror, which 1s configured such as to cover said
first lateral face at least partly, defining a surface area
covered by said first mirror, and at least one surface
area which 1s not covered by said first mirror defining
an associated output face;

a second mirror, which 1s configured such as to cover at
least 95% of said second lateral face:

a brightness triggering element, which 1s designed to
generate emission of brightness radiation 1n said lumi-
nescent crystal;

a ratio R between the non-covered surface area and a
surface area of the first lateral face being determined
such that rays of the brightness radiation are reflected
on said first and second mirrors, and are propagated
over a mean distance L, such that

FA—

P > Ly > L

1
o

within the luminescent crystal before passing through at
least one output face, forming an output beam, where o 1s a
coefficient of loss per unit of length of said concentrator for
said brightness radiation.

According to particular embodiments of the invention:

the ratio R 1s 1/4 or less, preferably 1/8 or less;

a coethicient of loss per unit of length of said concentrator
for said brightness radiation a and said ratio R are
designed such that L, <L =1/a;

the brightness triggering element comprises a plurality of
light-emitting diodes or lasers or flash lamps which are
configured to emit light-emitting radiation at a wave-
length A, said diodes being designed such as to illu-
minate at least one face known as the lighting face of
the concentrator, said concentrator being a fluorescent
crystal designed to absorb said light-emitting radiation,
then emit fluorescence radiation corresponding to said
brightness radiation;

a vertical dimension e of the concentrator 1n a direction z
perpendicular to said lighting face i1s greater than, or
equal to, a length of absorption L _, of said light-

emitting radiation by said concentrator;
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4

the brightness triggering element comprises a heating
element which 1s configured to heat said concentrator
crystal such that 1t emits said brightness radiation by
thermoluminescence;

the brightness triggering element comprises a lens, which
1s designed to focus solar radiation on a so-called

lighting face of the concentrator, said concentrator

being designed to absorb said solar radiation, then emit
fluorescence radiation corresponding to said brightness
radiation;

the concentrator crystal has a beveled edge sitnated
between the first lateral face and another face of said
concentrator crystal, a surface area of the beveled edge

being considered as forming part of the surface area of

the first lateral face for calculation of said ratio R, at

least one portion of a surface area of the beveled edge
not being covered and defining an associated output
face;

the concentrator crystal has a beveled corner sitnated
between the first lateral face and two other faces of said
concentrator crystal, a surface area of the beveled
corner being considered as forming part of the surface
area of the first lateral face for calculation of said ratio
R, at least one portion of said surface area of the
beveled corner not being covered, and defining an
associated output face;

the first mirror 1s designed to define n=1 non-covered
surface areas, defining n output faces through which n
output beams pass, said device also comprising:

n optical fibers; and
n optical coupling systems, each designed to couple an
output beam in a different opftical fiber;

the first mirror 1s designed such that a geometric extent of
each output beam 1s substantially equal to a geometric
extent of said optical fiber coupling said output beam:;

the device comprises two additional mirrors covering two
parallel faces known as sections of the concentrator,
said two additional mirrors being designed such as to
cover all of the sections;

the device comprises a first and a second emission module
and a first brightness triggering element which 1s asso-
ciated with the first emission module, a face of the
concentrator crystal of the second emission module,
different from a lateral face, being attached to an output
face of the concentrator crystal of said first emission
module, such that the first output beam of the first
emission module, known as the primary brightness
radiation, constitutes the brightness triggering element
of the second emission module, with the second emis-
sion module generating a second output beam, known
as the secondary brightness radiation, having a central
wavelength which 1s offset relative to a central wave-
length of the primary brightness radiation;

dimensions of the second module on a vertical plane yz
parallel to said output face of the concentrator crystal of
the first module are smaller than, or equal to, dimen-
sions of said output face of the concentrator of the first
emission module;

a dimension of the concentrator of the second module 1n
the direction x 1s greater than a length of absorption
L.»s» Of the primary brightness radiation by the con-
centrator of the second module;

the first mirror 1s fitted on a translation system which 1s
designed to displace said first mirror relative to said
first lateral face, such as to reduce or increase the
non-covered surface;
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the first mirror 1s designed such that the form of a
non-covered surface area 1s square, rectangular, circu-
lar, elliptical, triangular, or also polygonal.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics, details and advantages of the inven-
tion will become apparent from reading the description
provided with reference to the appended drawings, provided
by way of example, and which represent, respectively:

FIG. 1A, FIG. 1B and FIG. 1C, a schematic view of an
example of a light-emission module known 1n the prior art;

FIG. 1D and FIG. 1E, a schematic view of concentrators
known 1n the prior art;

FIG. 2, a schematic view of a light-emission device
according to the mvention;

FIG. 3A and FIG. 3B, a schematic representation of travel
ol a ray of the fluorescence radiation;

FIG. 4, two transmission curves according to the output
angle of the rays of the fluorescence radiation:

FIG. 5A, the transmission averaged according to the
dimension s of the output face;

FI1G. SB, the development of the ratio E/E, -according to
the dimension s of the output face;

FIG. 5C, the development of the mean length according to
the dimension s of the output face;

FIG. 6 A and FIG. 6B, respectively the mean transmission
1,,,,-and the development of the ratio E/E,  -according to the
dimension s of the output face for diflerent coetlicient of loss
values;

FIG. 7A and FIG. 7B, development of the ratio E/E,_ -and
the ratio L,,,,/L., according to the dimension s ot the output
face for two different coeflicient of loss values:

FIG. 8, an embodiment of the invention in which the
concentrator crystal 1s a cube;

FIG. 9, the development of the output power P_ . of the
output beam and of the lighting E according to the surface
area ol the output face;

FIG. 10A and FIG. 10B, device according to embodi-
ments of the invention in which the first mirror 1s designed
such that the form of the non-covered surface area 1s
respectively a disk and a letter “A”;

FIG. 11, an embodiment in which the concentrator crystal
has a beveled edge;

FIG. 12, an embodiment in which the first mirror 1s fitted
on a translation system:;

FIG. 13A, an embodiment 1n which a plurality of fiber-
bearing outputs are combined in the form of a group of
fibers:

FIG. 13B, a development of the coupled power P 1n an
optical fiber, and according to the surface area of the output
face;

FIG. 14, an embodiment of the invention in which the
device comprises a first and a second emission module.

In the figures, unless otherwise indicated, the elements are
not to scale.

DETAILED DESCRIPTION

FIG. 2 shows a schematic view of a light-emission device
1 according to the invention. The device comprises an
emission module ME comprising a so-called concentrator
luminescent crystal CL. This concentrator crystal comprises
s1Xx faces which are parallel 1n pairs, including a first and
second face, known as lateral faces FLL1, FL.2, with dimen-
sions wxe. These lateral faces are perpendicular to a direc-
tion X and are separated by a distance L (known as length)
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corresponding to a horizontal dimension of the concentrator
in the direction X, L being the largest of the dimensions of
the concentrator. The faces SI, and SI, with dimensions L xw
are known as the “large faces™ or “lighting faces™, and the
faces with dimensions Lxe are known as “sections’.

The device 1 comprises a brightness triggering element
ED which 1s designed to generate emission of brightness
radiation L. in the luminescent crystal. As will be specified
hereinafter, the brightness triggering element can be a plu-
rality of LEDs, one or a plurality of optical elements
designed to direct the solar radiation onto the concentrator,
or also an element which 1s designed to heat the concentra-
tor.

In a manner different from the concentrators 1D and 2D
previously referred to, the objective of the invention 1s to
obtain a concentration effect in a supplementary direction, 1n
order to increase the brightness obtained at the output from
the concentrator. This concentration eflect 1s known as 3D,
since the radiation 1s concentrated within the crystal on all
of the faces thereot. For this purpose, the device 1 comprises
two mirrors M1 and M2 which are designed to create a
supplementary concentration eflect on the plane (xy) on the
lateral faces, 1n addition to the concentration eflect obtained
on the plane (xz) on the large faces (and optionally on the
plane (xy) on the sections, according to the width w of the
concentrator). Thus, it 1s possible to increase the reflections
on the lateral faces before the rays of the brightness radiation
“ex1t” from the concentrator, which gives rise to an increase
in the lighting on the output face, and of the brightness, by
the eflect of bending the rays back onto themselves.

The first mirror M1 1s configured such as to cover at least
partly the first lateral face FLL1 defining a surface area SR1
which 1s covered by the first mirror, and at least one surface
area SFS1 which 1s not covered by the first mirror, defining
an associated output face FS1. For this purpose, the first
mirror M1 1s positioned facing, attached to, or deposited on,
the first lateral face FLL1. After numerous simulations, and as
will be explained hereinafter, the inventors realized that the
ratio of the surface area of the output face to that of the first
lateral face was the critical parameter making it possible to
ensure a concentrator eflect on the lateral faces, and thus
ensure an increase in the lighting on the output face. The
dimensions of the emission module are designed such that a
ratio R=SFS1/S, between the non-covered surface area
SEFS1 (surface area of the output face FS1) and the total
surface area of the first lateral face S, 1s designed such that
rays of the brightness radiation are reflected on the first and
the second mirrors, and are propagated on average over a
mean distance L, >>1 within the crystal CL, betfore pass-
ing through an output face FS1. The rays of the brightness
radiation which exit from the concentrator form an output
beam L, .. L, ,>>L means in this case that L, 1s 7 times,

ourT —movy

and preferably 15 times greater than L.

As will be described 1n detail hereinatter, a ratio R=SFS1/
S;, which 1s designed to obtain the condition L, >>L.,
makes 1t possible to ensure that the concentrator effect exists
on the 3D plane, 1.e. istead of passing directly through the
output face FS1 after having been generated, the brightness
radiation 1s mostly reflected within the crystal, and on
average travels outward and back several times within the
crystal before exiting via an output face FS1. The smaller the
ratio R=SFS1/S; 1s, the more the mean distance L, trav-
cled by the brightness rays within the concentrator before
exiting increases. The lighting on the output face is thus
increased, since the brightness radiation has the time to “fill”
the concentrator before exiting. This point 1s particularly

counterintuitive, since 1t could be thought that the ratio of
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the output powers with and without the mirror M1 1s simply
equal to the ratio of the surface areas SFS1/S; : this would be
the case 1t all the rays were emitted from a single plane. In
this case, the ellect of volume and multiple retlections 1n the
interior of the volume makes 1t possible to obtain greater
output power on the output face FS1. Notably, the inventors
found that, when the ratio R 1s 1/4 or less, or preferably 1/8
or less, the mean distance L, 1s suflicient for the module
ME to provide a consequent concentrator effect (see here-
inafter). Thus, according to a preferred embodiment of the
invention, the ratio R 1s 1/4 or less, or preferably 1/8 or less.

The second mirror M2 1s configured such as to cover at
least 99% of the second lateral face FL2, opposite the first
lateral face. Preferably, the second mirror M2 covers all of
the second lateral face.

Thus, the brightness radiation can exit from the lateral
faces only via the output face FS1. In fact, the mirrors M1,
M2 force the rays which should exit via the lateral faces to
travel more times 1n the concentrator, until they pass through
the non-covered surface area, and thus the output face FS1.
This travel means that there are multiple retlections within
the concentrator on the lateral faces. Thus, the lighting of the
output beam at the output face is increased by the use of the
mirrors M1 and M2.

In the illustration mm FIG. 2, by way of non-limiting
example, the output face 1s rectangular, and has a dimension
equal to the thickness e of the concentrator i the direction
7z, and a dimension s in the direction y. Thus, the output face
has the dimension sxe. In this example, the ratio R 1s thus
equal to the ratio s/w. Alternatively, according to another
embodiment, the first mirror 1s designed such that the form
of the non-covered surface area (and thus of the output face)
1s square, rectangular, circular, elliptical, triangular, or also
polygonal.

The mirrors M1 and M2 have a reflection factor greater
than 95%, and preferably greater than 98%, for the bright-
ness radiation.

FIG. 3B 1s a schematic representation of travel of a ray of
the fluorescence radiation emitted by a luminophore Lum on
the plane (xy) of the lighting face SI, and of the moment
when 1t “exits” from the concentrator via the output face
FS1. In this embodiment, the device also comprises two
additional mirrors M3, M4 (shown in FIG. 3A), which are
arranged facing, or deposited on, the sections of the con-
centrator. The two additional mirrors are arranged such as to
cover all of the sections. These mirrors make it possible to
reflect within the concentrator the portion of the brightness
radiation which 1s not guided by total internal reflection, and
which should exit from the concentrator via the sections, and
thus increase the lighting on the output face. According to
this embodiment, and those of the following figures, the
mirror M2 covers the second lateral face FLL2 completely, in
order to maximize the lighting on the output face. Alterna-
tively, according to another embodiment, the mirror M2
does not cover the second lateral face FLL2 completely.

In the representation 1n FIG. 3B, the concentrator CL 1s
indicated at each reflection for clarity of the drawing, instead
of showing the multiple retlections of the ray. Thus, each
individual rectangle (or riposte) represents a concentrator
CL. Since the planes are all parallel 1n pairs, the equivalent
ray corresponding to the ray retlected by the first and second
mirrors 1s propagated in a straight line on the drawing,
including the concentrator and 1ts ripostes relative to the 4
mirrors which constitute the lateral faces. The output face
FS1 1s also represented in each riposte. In order to determine
whether the ray will actually exit, 1t 1s necessary to observe
the point A where it intercepts one of the ripostes of the
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output face. In the example mm FIG. 3B, the ray will
ultimately exit after 4 reflections on the sections and 4
reflections on the lateral faces.

Each niposte of the output area thus corresponds to a series
of angles which permit exiting.

By adding up all of these angles and taking into account
losses by propagation of the brightness radiation in the
concentrator CL, 1t 1s possible to estimate the mean trans-
mission starting from a source point in the concentrator, for
a given angular range.

FIG. 4 has two transmission curves C1, C2 according to
the output angle of the rays of the fluorescence radiation.
The output angle 0 1s indicated relative to the normal of the
output face, on the plane xy. In the example in FIG. 4, the
dimensions of the concentrator are as follows: L=100 mm,
w=14 mm and e=1 mm. These dimensions are given by way
of example, and are non-limiting. According to this embodi-
ment and those of FIGS. 5A to 10, the first mirror 1s designed
such that the output face 1s rectangular, and has a dimension
equal to the thickness e of the concentrator 1n the direction
7z, and a dimension s 1n the direction y. Thus, the output face
has a surface area SNR,;=sxe. In this specific case, the ratio
R 1s thus equal to s/w. Alternatively, the output face 1s not
rectangular. The curves C1 and C2 correspond to a device
wherein respectively s=7 mm; R=1/2 and s=5 mm; R~1/3.

In this case, all the possible rays are taken into consid-
eration, with incidences of rays passing through the output
face of up to 90°. This case would exist if the concentrator
were to adhere to an output medium with the same index,
and 11 the lateral faces were perfectly retlective for all the
incidences. In the case where air 1s the ambient medium
surrounding the concentrator, only rays smaller than the
critical angle 6__=sin~'(1/n) must be taken into consider-
ation, where n 1s the index of the concentrator. In the case of
a Ce:YAG concentrator, n=1.82, which corresponds to a
maximum output angle of 33°.

The curves C1 and C2 comprise very small transmission
points which correspond to rays with angles which almost
never pass through the output face. It should be noted that
the transmission 1s highly “peaked” around these points.
“Peaked” means 1n this case that the gradient of the curve
around these points 1s very steep. When the dimension of the
output face decreases (curve C2), there 1s a larger number of
angles (and therefore of rays) corresponding to these low
transmission points. In addition, 1t should be noted that the
transmission decreases globally for strong incidences: this 1s
associated with the increase in the mean propagation dis-
tance L, of the brightness radiation in the structure, with
very numerous reflections on the lateral faces, and thus the
increase 1n the losses by propagation in the medium. This
cllect will be described 1n greater detail 1n FIGS. SA to 7B.

FIG. 5A represents the averaged transmission for all of the
brightness rays passing through the output face FS1 (see
FIG. 4) 1n the air, according to the dimension s of the output
face. The dimensions are 1dentical to those of the example of
FIG. 4. In this precise case, the ratio R=SFS1/S, 1s thus
equal to w/s. The curves of FIGS. 5A and 5B thus have an
X-axis proportional to R (this applies for FIGS. 7A to 8B and
10). As previously explained, the output angles of the
brightness rays are between 0 and 33°. The mean transmis-
sion Tmoy remains very high even for small values of s,
thanks to the multiple reflections 1n the concentrator. Thus,
the transmission 1s still 50% for s=1 mm (1.e. R=1/14) and
for a coefficient of losses 0=3.10"" mm™' (conventional
value for a Ce:YAG concentrator). For a given output face
surface area, the length L. 1s associated with the mean

oY
transmission T, ., and with the coethicient of loss in mm-™ ",
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a, by the following equation: Lmyze_“Tmﬂf. L,.., depends
only on the losses avand on T, which depends on the ratio
R. The length corresponding to the losses 1s defined as

Lp,:l/ Q.

FIG. 3B represents the development of the ratio E/E_ .

between the lighting E on the output face obtained with a
device according to the invention, and the lighting E,_-on the
first lateral face FL.1 obtained 1in a conventional configura-
tion without a mirror M1 but with a mirror M2, according to

the dimension s of the output face. The parameters are
1identical to those of FIG. 5A. FIG. 5B makes it possible to

observe that the lighting in the output area increases strongly
when 1t has a sufficiently small surface area. For a value of
R=1/4 (s=3.5 mm), it 1s noted that the lighting on the output
face increases by a factor of more than 3. For a value of
R=1/8 (s=1.75 mm), 1t 1s noted that the lighting on the output
face increases by a factor of 6. These values correspond to
a concentrator effect which fulfils the 3D concentration
making 1t possible to obtain an order of magnitude (factor
10) 1n the increase of the lighting. Notably, when the output
face goes from a dimension of s=14 mm; R=1 to s=1 mm;
R=1/14, the lighting increases by a factor of 8. The effect of
3D concentration applies in the juxtaposition of the effects
1llustrated by FIGS. 5A and 5B by finding a compromise, 1.e.
fransmission which remains at a high level despite a sig-
nificant reduction in the surface area of the output face, and
consequently lighting which increases. For values s of the
output face which are very low, it 1s noted that the lighting
on the output face decreases. This effect 1s caused by
substantial losses by propagation of the brightness radiation
in the concentrator which predominate over the 3D concen-
tration effect, thus giving a lower limit to the ratio R for an
optimal 3D effect.

By taking stock of the rays which are reflected on M1 then
on M2 at each passage, and taking into account the rays
which exit at each impact on the face FL1, it 1s possible to
show that the mean length traveled in the medium 1s

(eq 1)

FIG. 5 illustrates the development of the mean length L,
according to the dimension s of the output face. The param-
eters are 1dentical to those of the example of FIG. 4. The
curve of FIG. 5C 1s obtained from the equation eql, and
makes 1t possible to represent the direct impact of the
selection of the dimension s (and thus of the ratio R) on the
mean length traveled by a brightness ray before it exits from
the concentrator. It 1s noted that, for a ratio of R=1/4, L,,,
1s approximately 80 cm, 1.e. 7 times more than L, and makes
it possible to obtain an increase in the lighting by a factor
greater than 3 (see FIG. 5B). For a ratio of R=1/8, L, 18
approximately 160 cm, 1.e. 15 times more than L, thus
making it possible to obtain an increase of the lighting by a
factor of 6.

FIGS. 6A and 6B represent respectively the mean trans-
mission T, and the development of the ratio E/E, . accord-
ing to the dimension s of the output face for different values
of coefficient of loss (from o=10"" mm™"' for the curves TS,
and E,, to =10 mm™' for the curves TS, and E,). The
other parameters are identical to those of FIG. 5A and FIG.
5B. It 1s observed that the increase 1n the losses has the effect
of reducing the mean transmission and the lighting on the
output face (ratio E/E, ). This effect 1s due to the increase 1n

the losses by propagation (and the reduction of L) and is
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stronger for small output face surface areas (R small) since
L. 1s greater. For a value of R=1/8 (s=1.75 mm), 1t 1s noted

H1OY

that the lighting on the output face increases by a factor
ranging from 4 to 8, when the losses go from o=10"" mm™
to i=10"" mm™'. As shown in FIG. 6B, for losses of up to
10~ mm™' (curve E,), the concentration effect on the light-
ing still exists but it seems to be “peaked”. Thus, 1t 1s
important for the dimensions of the first mirror to be adapted
to the losses of the concentrator, 1n order to guarantee a 3D
concentration effect (see FIGS. 7A and 7B).

FIGS. 7A and 7B represent a development of the ratio
E/E, ;and of the ratio L, /L., according to the dimension s
of the output face for a concentrator with a coefficient of loss
of respectively o=10"" mm™" and o=10"" mm™" or respec-
tively Lp=1 m and Lp=10 m. L, increases when the
surface area of the output face decreases. In fact, each ray
must then travel along a longer path before passing through
the output face. It 1s noted that, for high levels of losses
(FIG. 7A), L,,,, can rapidly exceed L, for a very small
output face surface area (s smaller than 1.6 mm). When s 1s
very small, the lighting of the output face (ratio E/E, )
decreases when s decreases, because of substantial losses by
propagation 1n the medium. On the other hand, for a larger
output face surface area (for s>0.3 mm 1n FIG. 7A), the
lighting of the output face (ratio E/E, /) increases when s
decreases. For a value of R=1/4, the lighting increases by a
factor of 2.75 compared with R=1 (s=14 mm) and
L,.,=0.5XL,=0.5m. L, 1s in this case 5 times greater than

oY

L. For a value R=1/8, the lighting increases by a factor of
3.75 compared withR=1and L, =L =1 m. L, 1s thus 10
times higher than L.

For smaller losses (FIG. 7B), even when s 1s very small,
the highting of the output face (ratio E/E, o continues to
Increase when s decreases, since L, ,, remains lower than
L. In this case, the losses do not predominate over the
concentrator effect, even for an output face with a small
surface area. For a value of R=1/4, the lighting increases by
a factor of 4 compared with R=1. For a value of R=1/8, the
lighting increases by a factor of 8 compared with R=1. In
both cases, L, 18 very much greater than L, and remains
smaller than L =10 m.

Also, preferably, the ratio R 1s adapted relative to the
losses. It can be shown that the optimum ratio 1s R=20(L.
Thus, according to a preferred embodiment of the invention,
the ratio R 1s R=20l., in order to have the greatest possible
ratio of E/E,

Contrary to the 1D or 2D concentration, the 3D concen-
tration does not depend on the geometric factor L/e. In fact,
in the device according to the invention, the lighting on the

output face 1s proportional to

\Y)
SFS1

E_Lmﬂ}’jﬁpj

where SFS1 1s the surface area of the output face FS1 and
S, 1s the surface area of the lateral face SLL1. This charac-
teristic confers far more modularity on the 3D concentrator
according to the invention compared with the 1D and 2D
concentrator according to the prior art.

According to one embodiment, the concenftrator 1s a
fluorescent crystal. According to a first variant of this
embodiment, 1n a manner similar to the devices in FIGS. 1A
and 1B, the brightness triggering element comprises a plu-
rality of light-emitting diodes LED which are configured to
emit light-emitting radiation L, at a wavelength A . Accord-
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ing to this embodiment, the diodes are arranged such as to
light at least one lighting face SI1, SI2 of the concentrator.
In addition, the concentrator crystal 1s a fluorescent crystal,
designed to absorb said light-emitting radiation L, emitted
by the LED diodes, then to emit fluorescence radiation
corresponding to the brightness radiation L. referred to
above. Alternatively, according to another embodiment, the
triggering element comprises lasers or flash lamps which are
designed to pump the fluorescent crystal.

Preferably, in this embodiment, as in the concentrators
according to the prior art, the vertical dimension ¢ of the
concentrator 1n a direction z perpendicular to the lighting
tace (known as the thickness) 1s greater than, or equal to, a
length of absorption L, . of the light-emitting radiation L
by the concentrator. Thus, the radiation which 1s emitted by
the LEDs 1s absorbed for by far the most part by the
concentrator crystal. An excessively small thickness would
lead to a substantial loss of the pump radiation, which would
mostly pass through the crystal without being absorbed by 1t,
and thus to a decrease 1n the global optical performance/
optical performance of the concentrator P__/P, ., where
P_ . 1s the power of the output beam on the face FLL1 and
P, . 1s the pump power of the LEDs.

Alternatively, according to a second varniant of this
embodiment, the brightness triggering element comprises a
lens, or any other optical element designed to focus or direct
solar radiation onto a lighting face SI1, SI2 of the concen-
trator. According to this embodiment, the concentrator 1s
designed to absorb the solar radiation, then emit fluores-
cence radiation, which 1s the brightness radiation referred to
above. This embodiment makes 1t possible to reduce the
number of photovoltaic cells for a given collection surface.
In fact, the device according to the mmvention permits far
better concentration than the conventional solar concentra-
tors, 1.e. the reduction of the surface covered by the photo-
voltaic cells can be a factor of 10 to 100.

Critically, the device according to the invention makes it
possible to dispense with the limitation of the fluorescent
concentrators according to the prior art as far as the thick-
ness of the concentrator 1s concerned, 1n association with the
absorption of the pump radiation. In fact, mn a “1D” or “2D”
fluorescent concentrator, there are two options:

either reduce the efliciency of the concentrator by main-

taining a small thickness e, and thereby detracting from
the absorption. In this case, the brightness can remain
substantial.

or increase € 1 order to increase the absorption, and

therefore decrease the brightness which 1s proportional
to the ratio L/e.

On the contrary, 1n the device according to the invention,
the first mirror M1 makes 1t possible to reduce the dimen-
s1ons of the output face “artificially” (and therefore increase
the brightness), without reducing the thickness e (and there-
fore without detracting from the absorption of the pump
radiation). This characteristic 1s particularly advantageous
tor concentrators CL which emit beyond 1 um, for which the
absorption 1s sometimes low. In fact, in the case of doped
glass concentrators for example, the concentration of the
luminophores (and thus the absorption) will be limited by
the interactions between the 1ons of the material (effect
known as “quenching” of tluorescence, which has the effect
of limiting the emission spectroscopic properties). The
device according to the invention thus makes it possible to
use low-absorption materials 1 concentrators which are
cilicient 1in the infrared spectrum (up to 10 um).

Alternatively, according to another embodiment, the con-
centrator 1s a thermoluminescent crystal, and the brightness
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triggering element comprises a heating element which 1s
configured to heat said concentrator crystal so that it emits
the brightness radiation by thermoluminescence. This
embodiment makes 1t possible to use concentrator crystals
different from fluorescent crystals.

FIG. 8 shows an embodiment of the invention 1n which
the concentrator crystal 1s a cube with a size a. In fact, 1n a
“3D” concentrator, there 1s no preferential direction as far as
the plane of the large pumping faces 1s concerned. It 1s
therefore possible to select an appropriate geometry for the
concentrator which makes 1t possible to reduce the size, for
example a cube. In the embodiment 1n FIG. 8, the concen-
trator 1s a fluorescent crystal pumped by radiation L, by a
lighting face SI,. The dimension a of the concentrator cube
1s larger than the length of absorption L_,. of the pump
radiation L, by the concentrator. In this embodiment, in
addition to the mirrors M1 and M2 on the lateral faces FL1
and FL2, the device comprises two additional mirrors M3,
M4 covering the faces parallel to the plane (xz). These
additional mirrors make it possible to increase the lighting
on the output face FS1 by reflecting within the concentrator
the brightness radiation which 1s not trapped by total internal
reflection, and which should exit via the faces covered by the
mirrors M3 and M4.

In the embodiment in FIG. 8, the first mirror M1 1s
designed such that the non-covered surface area defines a
square output face with a dimension b smaller than a. Thus,
by reducing the dimensions of the output face, 1t 1s possible
to increase the brightness without reducing the dimension of
the cube, and thus without detracting from the absorption of
the pump radiation.

FIG. 9 represents the result of a simulation by software of
tracks of rays for a device 1dentical to the one represented in
FIG. 8, and for a cubic fluorescent concentrator ol 4 mm per
side lit by a pump radiation with power of P, .,=40 W. The
simulation gives the development (curve P10) of the output
power P_ _ of the output beam and of the lighting E (curve
E10) according to the surface area SFS1 of the output face
FS1. As previously seen, 1t 1s possible to increase the
lighting greatly while maintaining a substantial output
power. The output power P__ . 1s associated directly with the
transmission T, (and theretore with the ratio R) and with
the power ot the output beam P, ¢,, which would exit from
the first lateral face 11 the first mirror M1 did not exist on the
basis of the equation P, =T,,,,.*P,, . sa When R decreases,
the transmission T, decreases, and therefore so does the
output power. Thus, for a ratio R=1/8, the lighting 1s E=~10
W/mm~ whereas the power of the output beam is approxi-
mately 9 W.

FIGS. 10A and 10B represent a device according to
embodiments of the invention 1n which the first mirror M1
1s designed such that the form of the non-covered surface
area 1s respectively a disk and a letter “A”. It 1s understood
that the position of these output faces FS1 1n the lateral face
FL1 1s free. The output faces can be 1n corners, in the center,
attached to an edge, or not. These figures illustrate the
modularity of the 3D concentrator device concerning the
form of the output face. Unlike filters or shields which are
commonly used i1n projection, the output lighting will
increase 1 the surface area of the pattern to be projected
decreases. This very specific property makes 1t possible to
create high-performance displays with strong lighting.

FIG. 11 1llustrates an embodiment 1n which the concen-
trator crystal has a beveled edge AB. The beveled edge 1s
considered as forming part of the first lateral face. More
specifically, the beveled edge AB 1s situated between the first
lateral face and another face of the concentrator crystal. This
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face can be any face adjacent to the first lateral face. In the
embodiment i FIG. 11, the beveled edge AB 1s not covered
by a mirror reflecting the brightness radiation. Thus, the
edge AB defines as a whole an output face FS1.

Alternatively, according to another embodiment, only a

portion of a surface area of the beveled edge 1s not covered
by a reflective mirror, with this portion defining an output
tace FS1. This embodiment makes 1t possible to reduce the
surface area of the output face, and thus to increase the
lighting.
In the calculation of the ratio R=SFS1/S,, the surface area
S, comprises the surface area of the beveled edge, and the
non-covered surface area SNR, comprises the surface area
of the portion of the beveled edge which 1s not covered by
a mirror (or the edge AB as a whole 11 it 1s not covered by
a mirror).

The embodiment 1n FIG. 11 makes 1t possible to increase
the lighting of the output face by 10% to 30% in comparison
with the embodiments of the mvention with symmetrical
concentrators (with only 6 faces which are parallel 1n pairs)
previously referred to. In fact, by creating a beveled edge on
the concentrator, mterruption of symmetry is created in the
parallelepiped structure. More specifically, the beveled edge
artificially creates a cone or a supplementary escape area for
certain brightness rays which are trapped by total internal
reflection within the parallelepiped concentrator, which rays
can exit from the concentrator by means of the edge.
Without the beveled edge AB, these rays could not exit from
the concentrator crystal.

Alternatively, according to another embodiment, the con-
centrator crystal has a beveled corner situated between a first
lateral face and two other faces of the concentrator. Just like
the embodiment 1n FIG. 11, the beveled corner 1s considered
as forming part of the first lateral face, and the corner can be
partly covered by a mirror, or not. This embodiment also
makes it possible to increase the lighting of the output face
in comparison with the embodiments of the invention with
symmetrical concentrators previously referred to.

FIG. 12 illustrates an embodiment i which the first
mirror M1 1s fitted on a translation system ST, which 1s
designed to be displaced relative to the first lateral face FL1,
such as to reduce or increase the non-covered surface SFS1
of the output face FS1. In the example of FIG. 12, the first
mirror 1s designed to define a rectangular output face with
dimensions sxe, where e 1s the thickness of the concentrator.
The translation system makes it possible to control the
dimension s in order to increase or decrease the lighting E
on the output face FS1. This embodiment makes it possible
to control the lighting output from the emission module EM.

The device according to the mmvention permits use of a
plurality of output faces FS1, since the power of the output
beam L_ . 1s low 1n comparison with the power circulating,
in the interior of the concentrator. FIG. 13A 1llustrates an
embodiment in which a plurality of fiber-bearing outputs
FO1., are combined 1n the form of a group G of fibers. In this
case, the brightness at the output of the group G would be
slightly lower than the brightness at the output of a single
fiber, because of the difliculty in bringing all the fiber cores
towards one another. On the other hand, the power of the
radiation obtained from the group G will be strongly
increased, as will the overall performance level. In the
embodiment 1 FIG. 13A, the first mirror M1 1s designed to
define n=1 non-covered surface areas, defining n output
taces FS1, through which n output beams L, ; pass. The
device also comprises n optical fibers FO, and n optical
coupling systems SC. each designed to couple an output
beam 1n a different optical fiber. The optical coupling
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systems can for example be one or a plurality of optical
lenses. For calculation of the ratio R=SFS1/S,, the surface
area ol the output face S 1s equal to the sum of the surface
area of all the output faces FS1 .. In the representation 1n FIG.
13A, by way of non-limiting example, n=2. Alternatively,
according to another embodiment, a number different from
n=2 1s used.

The use of a fiber-bearing output makes 1t possible to
simplity the conveying of the output beam to 1ts application.
The use of a fiber-bearing output in the device according to
the invention 1s greatly simplified, taking into account the
modularity of the output face, which makes 1t possible to
adapt the dimensions of the output face to that of the optical
fiber core. This makes 1t possible to ensure good coupling of
the output beam L, ; associated with the output face FS1,
in the associated optical fiber FO,. For this purpose, 1t 1s
necessary to adapt the geometric extent of each output beam
L. It will be remembered that the geometric extent 1s the
product of the surface area of the emitter area times the solid
angle of the beam emutted.

FIG. 13B illustrates the development of the coupled
power P_ 1n an optical fiber according to the surface area of
the output face (and therefore the geometric extent). By way
of non-limiting example, the fiber has a numerical opening
of 0.5, and a core diameter of 1.5 mm, giving a geometric
extent Etg,,.=1.5 107 cm*sr (for this simulation n=1). The
concentrator 1s a Ce: YAG plate with dimensions L=100 mm;
w=14 mm; e=1 mm and the power of the output beam times
the output face 1s P__=50 W. In addition, 1t 1s assumed that
the emission of the concentrator 1s Lambertian. The coupled
power P 1n the fiber 1s associated with the power of the
output beam P_ ., with the geometric extent of the fiber
(Etss,.) and with that of the beam on the output face (Et_) by
the tollowing equation: P_=(Etg,, /Et )P, .

As shown 1n FIG. 13B, the coupled power goes via a
maximum, for an output face surface areca of S =380 um,
which corresponds 1n this specific case to the equality of the
extents. For smaller surface area output faces, all of the
power emitted by the concentrator can be coupled (since
Et.,..<EBlg,.) and 1t 1s the transmission ot the 3D concen-
trator which limits the performance levels (P_ . decreases).
For the larger surface area output faces, it 1s the transmission
of the coupling optical system which limits the performance
levels because of the inadequacy of the geometric extents.
Thus, preferably, the first mirror 1s designed such that the
geometric extent of each output beam 1s equal to a geometric
extent of the optical fiber coupling the output beam. This
embodiment 1s designed for applications 1n which the direc-
tivity of the lighting must be controlled or adapted.

FIG. 14 shows an embodiment of the invention in which
the device comprises a first and a second emission module
ME1, ME2. These modules are designed such that the
concentrator CLL1 (known as the first concentrator) of the
first module pumps transversely the concentrator CL2 of the
second emission module ME2 (known as the second con-
centrator). The device in FIG. 14 comprises a first brightness
triggering element (not represented i FIG. 14) which 1s
associated with the first emission module ME1. As previ-
ously seen, this element can be a plurality of LEDs, one or
a plurality of optical elements designed to direct the solar
radiation onto the first concentrator, or also an element
designed to heat this concentrator.

A face of the second concentrator CL.2, different from a
lateral face FLL1, where a second output face FS1, 1s situ-
ated, 1s attached to the output face FS1, of the first concen-
trator CL1. By this means, the first output beam L, ,

obtained from the first emission module constitutes the
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brightness triggering element of the second emission module
ME2. The second concentrator CL2 1s designed to absorb
the first output beam, then generate a second output beam
L,,.» known as secondary brlghtness radiation, with a
central wavelength A, which 1s offset relative to the central
wavelength A, of the ﬁrst output beam. This device makes it
possible to generate mtense radiation, since the concentra-
tion eflects are cumulative on the brightness.

Notably, the dimensions of the second concentrator
depend only on the dimensions of the output face FS1, of the
first concentrator CL1. Also preferably, the dimensions of
the face of the second module on a plane parallel to the
output face FS1, (plane vz) of the first concentrator are
smaller than, or equal to, the dimensions of the output face
FS1, of the first concentrator.

This point 1s very important, since the reduction of the
s1ze of the second concentrator CL2 nvolves the reduction
of the mean length travelled 1n the interior of this concen-
trator. L, can then become very much smaller than L,
which has the effect of increasing the mean transmission (see
FIGS. 8A and 8B). This makes 1t possible to use for CL2
materials which have higher losses than those of CL1.

In order to ensure good absorption of the first output beam
in the second concentrator CL.2, the width of the second
concentrator 1s greater than a length of absorption L, , of
the first beam by the second concentrator. In this case,
“width of the second concentrator” means the dimension of
the second concentrator in the direction of the length of the
first concentrator, 1.e. 1n the direction X.

By way of non-limiting example, the first concentrator
(with dimensions L.=100 mm; w,=30 mm; e¢,=1 mm) 1s
made of Ce:LYSO, a first absorption band of which 1s
situated in the UV spectrum, at approximately 360 nm, and
the first triggering element comprises UV LEDs which emit
in the first absorption band power of approximately 1
W/mm® continuously and 2.5 W/mm~ in pulse mode. The
first concentrator emits a first output beam L, ; at a central
wavelength A,=430 nm. The second concentrator (with
dimensions L,=10 mm; w,=0.5 mm; ¢,=0.25 mm) 1s made
of Ce:YAG, and has a second absorption band with over-
lapping with the spectrum of the first output beam, and emuts
a second output beam which 1s centered on A,=560 nm.

Taking 1nto account the present technology of UV LEDs
(with a level of filling of 16%), 1t 1s possible to put 800 LEDs
on each large face of the first concentrator CL1. It 1s
assumed that each LED operates in pulse mode, and emits
power of 2.5 W. The pump power 1s therefore P, Eﬂ—ﬁlOOO W.
The power which 1s emitted by the first emission module
ME1 is therefore 550 W (1n pulse mode) on its first lateral
face FL11 and with lighting of 11 W/mm~. These values do
not take into account the 3D concentrator effect caused by
the mirrors M1, and M2,. With a first output face FS, of the
first concentrator with a rectangular form and dimensions of
0.25 mmx10 mm, the 3D concentration eflect gives lighting
on the first output face FS1, which 1s estimated at 28
W/mm?-.

Taking into account the size of the second concentrator
and the surface area of FS1,, and assuming there are losses
of o, ,=3.107* mm™', the mean transmission for CL2 is
86%.

Simulations by means of ray tracking software make 1t
possible to estimate the power emitted by the second con-
centrator when 1t 1s pumped by the {first concentrator. The
conversion performance level 1s calculated as 9.6%, taking
into account the overlapping of the absorption and emission
bands between the first and the second concentrator. The
second, Ce: YAG concentrator thus emits power of 34 W on
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its first lateral face FLL1,. This measurement does not take
into account the 3D concentrator effect caused by the mirrors
M12 and M22. With a surface area of the second, rectangular
output face FS1, having a small size of 25 umx250 um, the
3D concentration eflect provides lighting on the second
output face FS2 estimated at 4660 W/mm?~, i.e. 466 kW/cm”.
This value represents lighting more than 1800 times greater
than that of the LEDs which pump the first concentrator. The
power P_,, , of the second output beam is P_,,,=29 W.

A very small surface area of the second output face FS2
was selected, since the dimensions of the second concen-
trator are very small relative to the length of loss L , of the
second concentrator (L, ,=3.3 m where a.,=3. IO‘f
The 3D concentration ef-ect can therefore be very high-
performance 1n the second concentrator. Thus, the mean
transmission remains at a value of 86%, whereas the surface
area of the second output face FS1, 1s 10 times smaller than
the surface areca of the lateral face FLL1, of the second
concentrator.

The coetlicient of concentration of this cascade of 3D
concentrators 1s thus two orders of magnitude more than that
provided by a single 1D or 2D concentrator. This consider-
able increase i1s obtained at the price of a low global
optical/optical pertormance level P,,, ,/P; -, 1n this case of
0.7%.

However, 1n order to produce lighting of this type with
lasers 1n this range of wavelengths, it would be necessary to
produce a complex conversion chain with non-linear crystals
(no laser crystal emits directly 1n the yellow-orange spec-
trum). The global optical/optical performance level would
be a maximum of a few percent. The source proposed here
1s Tar simpler, with lighting which becomes competitive 1n
comparison with lasers.

It should be noted that the example taken here with
Ce:LYSO and Ce:YAG 1s far from being optimized, since
the level of filling of the UV LEDs 1s only 16%, whereas that
of the visible LEDs 1s 40% at present, with potential to
achieve 70% 1n the future.

The cascade of concentrators could be highly advanta-
geous for emission 1n the infrared spectrum, in the band 3-5
um. Also, according to another embodiment, the first trig-
gering element comprises visible or infrared LEDs (940 nm)
the level of filling of which 1s greater than 40%. The second
concentrator 1s made of sulfide or selenide glasses, the losses
of which are relatively high at present. As seen above, the
use ol a small-sized concentrator makes 1t possible to avoid
the problem of high losses.

Thus, the cascade of 3D concentrators according to the
embodiment of FIG. 14 permits great flexibility for adapting
to the existing materials and their properties. They represent
a very mmportant departure in the field of uncorrelated
sources, of two to three orders of magnitude more than what
exists at present.

The mvention claimed 1s:
1. A light-emission device comprising:
at least one emission module (ME) comprising:

a luminescent crystal known as a concentrator crystal
(CL) with at least six faces which are parallel in
pairs, mcluding a first and a second face, being
lateral faces (FLL1, FL2), perpendicular to a direction
x and separated by a distance L corresponding to a
horizontal dimension of said concentrator in the
direction X;

a first mirror (M1), which 1s configured such as to cover
said first lateral face (FLL1) at least partly, defiming a
surface area (SR1) covered by said first mirror, and



US 12,158,601 B2

17

at least one surface area (SFS1) which 1s not covered
by said first mirror defining an associated output face
(FS1, FS1,, FS1,);

a second muirror (M2), which 1s configured to cover at
least 95% of said second lateral face (FL2);

a brightness triggering element (ED), which 1s designed to
generate emission of brightness radiation (L) 1n said
luminescent crystal;

a ratio R between the non-covered surface area (SFS1)
and a surface area (S,;) of the first lateral face (FL1)
being determined such that rays of the brightness
radiation are reflected on said first and second mirrors,
and are propagated over a mean distance L, such that

FA—

P > Loy > L

1
04

within the luminescent crystal before passing through
at least one output face (FS1,, FS1,), forming an output
beam (I._ ), where o 1s a coefficient of loss per unit of
length of said concentrator for said brightness radia-
tion.

2. The device as claimed 1n claim 1, wherein said ratio R
1s 1/4 or less, preferably 1/8 or less.

3. The device as claimed 1n claim 1, wherein the bright-
ness triggering element comprises a plurality of light-emit-
ting diodes (ILED) or lasers or flash lamps which are
configured to emit light-emitting radiation (L. ) at a wave-
length A , said diodes being designed such as to illuminate
at least one face known as the lighting face (SI1, SI2) of the
concentrator, said concentrator being a fluorescent crystal
designed to absorb said hight-emitting radiation (L ), then
emit fluorescence radiation corresponding to said brightness
radiation.

4. The device as claimed i1n claim 3, wherein a vertical
dimension e of the concentrator 1n a direction z perpendicu-
lar to said lighting face 1s greater than, or equal to, a length
of absorption L_, of said light-emitting radiation (L) by
said concentrator.

5. The device as claimed 1n claim 1, wherein the bright-
ness triggering element comprises a heating element which
1s configured to heat said concentrator crystal such that it
emits said brightness radiation by thermoluminescence.

6. The device as claimed 1n claim 1, wherein the bright-
ness triggering element comprises a lens, which 1s designed
to focus solar radiation on a so-called lighting face (SI1, SI12)
of the concentrator, said concentrator being designed to
absorb said solar radiation, then emit fluorescence radiation
corresponding to said brightness radiation.

7. The device as claimed 1n claim 1, wherein the concen-
trator crystal has a beveled edge situated between the first
lateral face and another face of said concentrator crystal, a
surface area of the beveled edge being considered as form-
ing part of the surface area of the first lateral face for
calculation of said ratio R, at least one portion of a surface
area of the beveled edge not being covered and defining an
associated output face.

8. The device as claimed 1n claim 1, wherein the concen-
trator crystal has a beveled corner situated between the first
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lateral face and two other faces of said concentrator crystal,
a surface area of the beveled corner being considered as
forming part of the surface area of the first lateral face for
calculation of said ratio R, at least one portion of said surface
area of the beveled corner not being covered, and defining
an associated output face.

9. The device as claimed in claim 1, wherein said first
mirror 1s designed to define n=1 non-covered surface areas,
defining n output faces (FS1;) through which n output

beams (L,,, 1, L,,.») pass, said device also
comprising:
n optical fibers (FO,); and
n optical coupling systems (SC,), each designed to
couple an output

beam 1n a different optical fiber.

10. The device as claimed in claim 9, wherein the first
mirror (M1) 1s designed such that a geometric extent of each
output beam 1s substantially equal to a geometric extent of
said optical fiber coupling said output beam.

11. The device as claimed 1n claam 1, comprising two
additional mirrors (M3, M4) covering two parallel faces
known as sections of the concentrator, said two additional
mirrors being designed such as to cover all of the sections.

12. The device as claimed i1n claim 1, comprising a first
and a second emission module (ME1, ME2) and a first
brightness triggering element which 1s associated with the
first emission module, a face of the concentrator crystal
(CL2) of the second emission module, different from a
lateral face, being attached to an output face (FS1,) of the
concentrator crystal (CLL1) of said first emission module,
such that the first output beam (L, ;) of the first emission
module, known as the primary brightness radiation, consti-
tutes the brightness triggering element of the second emis-
sion module, with the second emission module generating a
second output beam (L, ,), known as the secondary bright-
ness radiation, having a central wavelength which 1s offset
relative to a central wavelength of said primary brightness
radiation.

13. The device as claimed 1n claim 12, wherein dimen-
sions of said second module on a vertical plane yz parallel
to said output face of the concentrator crystal of said first
module are smaller than, or equal to, dimensions of said
output face of the concentrator of said first emission module.

14. The device as claimed in claim 12, wherein a dimen-
sion of said concentrator of the second module 1n said
direction x 1s greater than a length of absorption L_,,, of
sald primary brightness radiation by said concentrator of
said second module.

15. The device as claimed 1n claim 1, wherein said first
mirror 1s fitted on a translation system (ST) which 1s
designed to displace said first mirror relative to said first
lateral face, such as to reduce or increase the non-covered
surface area.

16. The device as claimed 1n claim 1, wherein said first
mirror 1s designed such that the form of a non-covered
surface area 1s square, rectangular, circular, elliptical, trian-
gular, or also polygonal.
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